To find whether cis-acting regulatory sequences necessary for sex-and cell-specific expression of two yolk polypeptide genes (Yps) reside near the structural genes themselves, we introduced a 5.0-kilobase genomic DNA segment containing a 3' truncated Ypl and a complete Yp2 into five different autosomal locations by P-element-mediated gene transfer. Transcripts from the introduced Ypl were not found in male flies but appeared on a normal developmental schedule in adult females, accumulating in their body walls and ovarian follicles but not in guts or malpighian tubules. Protein from the introduced Yp2 allele was present in female hemolymph and vitellogenic ovaries but was lacking from male hemolymph. We conclude that sequences necessary for the correct stage-, cell-, and sex-specific expression of the Ypl and Yp2 genes are included in this genomic fragment. These results combined with published work suggest that two tissue-specific, cis-acting, bidirectional, positive regulatory elements placed on either side of a centrally located HindIll site govern expression of both Yp genes-one element specific for fat body and the other specific for ovarian follicle cells.
A general feature of higher organisms is that individuals are of two sexes. Regulatory mechanisms controlling this dichotomy involve differential gene activity in the two sexes (1)-for example, in genes that encode egg yolk protein precursors, or vitellogenins. Yolk polypeptides (YPs) are produced in the major metabolic organs of vertebrates (2) , insects (3) , and nematodes (4) but only in females, although the relevant organs (the liver, fat body, and intestine, respectively) are present in both sexes.
Yolk protein in Drosophila melanogaster consists of three YPs (5) , each encoded by a separate X chromosome-linked gene (6, 7) and subject to a variety of controls. First, the expression of the Yps is governed by trans-acting regulatory genes that direct sex differentiation, such as doublesex (dsx) , and transformer-2 (tra-2) (8) (9) (10) (11) , so that males do not normally produce YPs. Second, the Yps are regulated in a stage-specific manner; their transcripts first appear at about the time the female emerges from the puparium, and they increase dramatically during the first day of adult life (12, 13) . The stage-specific increase in Yp expression is dependent upon hormonal stimulation from the fly's head and thorax and can be mimicked by both juvenile hormone and 20-hydroxyecdysone (14, 15) . Third, the Yps are expressed in a cell-specific fashion, their transcripts being found in only two cell types: female fat-body cells and ovarian follicle cells (16) . Finally, the block to Yp expression in males can be overcome by treatments with high levels of20-hydroxyecdysone (8, 13) .
The sex-, stage-, cell-, and steroid-specific control of the Yps involves complex developmental and genetic signals that probably interact in some way with sequences in or around the Yps to regulate gene expression. Recent work has shown that small genomic DNA fragments containing experimentally altered Yp genes are defective in cis-acting signals necessary for proper Yp regulation (17) , but because of the construction of the DNAs tested, those experiments did not indicate where the normal regulatory elements might reside. To find if the normal control signals exist in proximity to the Yps, we asked whether all cis-acting sequences necessary for normal sex-and cell-regulated Yp expression are contained in a 5-kilobase (kb) fragment of genomic DNA that bears both the Ypl and Yp2 structural genes. We found that this DNA segment contains all cis-acting control regions necessary for normal developmental expression of both Yps.
MATERIALS AND METHODS Four D. melanogaster stocks were used in this work: rys, an M-cytotype stock with rosy (ry) eye color; ir2, a Pcytotype stock; Yp212-1245, a Yp2 allele we found on a mutagenized female sterile chromosome (18) that results in no YP2 polypeptide [the genetic factor causing the disappearance of YP2 we subsequently separated from the female sterility factor and mapped in or near Yp2 (unpublished data)]; and In(2L)Cy In(2R)Cy, Cy cn2 sp2/In(2LR)bwVI, ds33k dp b bwvI;In(3LR)DcxF, D/Sb (called Cy/Pm;D/Sb), a marked stock for genetic mapping.
The ry+ phenotype associated with the inserted DNA was mapped to a chromosome by mating transformed males to Cy/Pm;D/Sb females. Individual Cy;Sb F1 males were mated to ry5 females, and the F2 offspring were scored for rosy eye color. Segregation of ry' eye color away from Cy indicates a second chromosome insertion, while segregation away from Sb indicates a third chromosome insertion.
To construct transformation vectors, DNA extracted from phage XDmYP5A (7) was digested with restriction endonucleases Xho I and Sal I (New England BioLabs), and the 5.0-kb fragment was inserted into the Sal I site of P-elementcontaining vector Carnegie 20 (19) by using described techniques (20) to give pC20YP2A and pC20YP2B, which differ only in the orientation of the 5-kb Yp insert (Fig. 1) . Carnegie 20 contains, in addition to the P-element sequences needed in cis for transformation, a wild-type allele of the rosy eye color gene to select for flies containing the plasmid (19) . Plasmid pir25.1' contains all of the trans-acting sequences needed to mobilize the nonautonomous P-element pC20YP2A for insertion into fly chromosomes (21) .
A molecular weight and hybridization standard, pC20YPA, was made by inserting the 12.5-kb Xba I fragment from phage XDmYP5A into pUC12. The Sal I fragment from this plasmid containing complete YpJ and Yp2 was inserted into Carnegie 20 to make pC20YPA, which, when cut with HindIII creates separate fragments, each of which hybridizes to only one of the probes described below.
Abbreviations: kb, kilobase(s); YP, yolk polypeptide; Yp, yolk polypeptide gene.
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Transformation vectors were extracted using the alkali lysis method (20) and were adjusted to a final concentration of 150,ug ofpC20YP2A and pC20YP2B and 150,ug ofpir25.1' per ml of injection buffer (5 mM KCl/0.1 mM NaH2PO4, pH 6.8), after ethanol precipitation and washing five times in 70% ethanol. Transformation procedures were those of Spradling and Rubin (21) .
Whole-fly genomic DNA was prepared from 20 2-to 3-day-old adults as described (22) . For RNA extractions, female larvae were distinguished from male larvae by gonad size. Total RNA was extracted by the LiCl/urea method and separated by electrophoresis in agarose-formaldehyde gels (22) . Nucleic acids were separated by electrophoresis, blotted to nitrocellulose (20) , and hybridized by using -1 x 107 cpm of probe per blot. Radioactively labeled DNA probes ( Fig. 1) were produced by nick-translation (20) to a specific activity of 108 cpm/,ug. Plasmids used to generate the probes were pYPlEB5' [the EcoRI-Bgl II fragment from the 5' end of pYPi (7) (New England Nuclear) were utilized to produce probes for Southern and RNA blots or in situ hybridization, respectively. In situ hybridization to salivary polytene chromosomes followed Hayashi et al. (23) probing with the 2.0-kb HindIII fragment of pYP2. Proteins were separated on sodium dodecyl sulfate/polyacrylamide gel electrophoresis as described by Laemmli (24) and stained with silver. RESULTS P-Element-Mediated Transfer of Yp Genes. Ypl and Yp2 are separated by 1225 base pairs in the middle of the X chromosome and are divergently transcribed (6, 7, (25) (26) (27) (26, 27) . The deleted part of YpJ was replaced by P-element sequences in pC20YP2A and by ry' DNA in pC20YP2B.
To establish lines of transformed flies, a mixture of pC20YP2A, pC20YP2B, and the helper plasmid p25.1' was injected into 155 ry5 embryos, which have the M-type Mating experiments using dominant-marked autosomes showed that line tYPb contained a ry' insert in the second chromosome, and the other four lines had inserts in the third chromosome. Cytogenetic localization of the inserts was obtained by hybridizing nick-translated probe for the Yp2 gene (probe Yp2HH in Fig. 1 ) to salivary polytene chromosomes. In each transformed line, the native gene became labeled at 9A, and in addition, silver grains appeared over one other site in the genome: at region 82C for line tYPa, 52A for tYPb, 61D for tYPc, 88A for tYPe, and 63C for tYPg.
To determine the orientation of the insert in each line, we prepared genomic DNA from individual flies and digested it with EcoRI. This enabled us to distinguish between the native gene and both orientations of the introduced genes because, in the pC20YP2 vectors, EcoRP cuts in YpJ and in ry' DNA to give either an 8.7-kb (pC20YP2A) or 4.4-kb fragment (pC20YP2B) containing the 5' end of Ypl (Fig. 1) . The 5' end of the native Ypl gene is found on a 9.5-kb EcoRP fragment. DNA blots were probed with Yp1RB ( Fig. 1) , which hybridizes to Ypl but not to Yp2. The results (Fig. 2, lanes a-g) showed that the parental ry0 stock and all transformed stocks had the native fragment but that the transformed lines tYPa, tYPc, and tYPe possessed in addition the fragment typical for orientation B, and lines tYPb and tYPg had the fragment expected for orientation A. These Southern blots confirm that introduced Yp DNA was propagated in fly cells, and, judging from the relative intensities of the native and introduced bands in densitometric scans of the autoradiographs (data not shown), the introduced gene is present in one copy per haploid genome.
In order to demonstrate that the introduced Yp genes were integrated into the fly genome, genomic DNA Proc. Natl. Acad. Sci. USA 82 (1985) fragment whose size was characteristic for each line (Fig. 2 (Fig. 1) . In orientation A, transcription initiated in Ypl would run through into the HindIII fragment of adjacent P-element sequences, labeled PeHH. In orientation B, Ypl transcription would read through into the Sal I-Pvu II fragment of ry+ DNA, labeled rySP. This region is normally not transcribed in the native ry+ gene (19) . Southern hybridization to control DNAs confirmed that these two probes provide specific tags for sequences transcribed from the introduced Ypl, while probe Yp1RB labels transcripts from both the introduced and native genes (data not shown).
To test whether the inserted YpJ is expressed in a sexspecific fashion, we extracted RNA from 24-hr-old adult females of the five transformed lines and the untransformed parental stock. Equal quantities of total RNA were loaded onto three gels, and RNA blots were hybridized to probes for either the 5' end of Ypl (probe YplRB) or for the expected readthrough transcripts using probes rySP and PeHH. Fig.  3A shows that females of the parental stock and all five transformed lines contained substantial quantities of Ypl transcript. Only the three stocks bearing the transposon in orientation B contained transcript homologous to probe rySP (Fig. 3B) , and only the two stocks containing the transposon in orientation A had transcript hybridizing to probe PeHH (Fig. 3C) . We conclude that sexually mature females express the introduced Ypl and that transcription reads through into adjacent vector sequences.
To determine the relative amounts of transcript accumulating from the native and the introduced Ypl genes, we performed densitometric scanning of autoradiographs of the blot-hybridization experiments, with restriction-cut pC20-YPA DNA included on the same gels as a standard. Of the transcript hybridizing to the pYP1RB probe, which recognizes both the introduced and native Ypl (Fig. 3A) , z75% comes from the introduced YpJ in lines tYPa and tYPe, =50% in tYPc, and <20% in lines tYPb and tYPg. We conclude that, when compared with transcription of the native gene, Ypl on the transposon in orientation B results in accumulation of about as much transcript, while orientation A results in less accumulation. Although the differences between lines may be due to position effects (29) , the consistent differences between the two orientations suggest differential stability of the structurally different messages formed in the two orientations.
To test whether transcripts from the introduced Ypl gene are found in adult males; we extracted total RNA from sexually mature males of the five transformed lines and the parental stock and analyzed it as described above for female RNA. Ypl transcripts from neither the native nor the introduced genes accumulated in transformed or control males (Fig. 3) . We conclude that the 5.0-kb Xho I-Sal I fragment contains all cis-acting sequences necessary to permit expres- Development-specific expression. We tested if expression of the introduced Ypl followed the normal developmental time course by extracting RNA from female third-instar larvae, newly eclosed females, or females 8 hr after emergence from the puparium, separating the RNAs by electrophoresis, blotting them to nitrocellulose, and probing with either probe Yp1RB or probe rySP for the introduced gene. The native gene in these experiments (Fig. 4A ) behaved as expected from previous results (12, 15) : message was absent from female larvae and barely detectable at eclosion but had increased substantially by 8 hr. Transcripts from the introduced gene (Fig. 4B) were also absent from larvae and newly eclosed females but had begun to accumulate by 8 hr. These results show that the inserted truncated Ypl gene is expressed at the normal developmental time, and so we conclude that all cis-acting factors needed for normal scheduling of YpJ gene expression are included in the 5.0-kb Xho I/Sal I fragment.
Tissue-specific expression. In normal Drosophila females, the Yps are expressed in both the fat-body cells and the ovarian follicle cells (16) . The cell-specific expression of the inserted Ypl in lines tYPc and tYPe was tested by dissecting from 24-hr-old females their body walls (mostly fat-body cells, contaminated with some muscle and epidermal cells), ovaries, or malpighian tubules and gut; isolating RNA from these tissues; and analyzing it by blots hybridized to probes for the native gene or the readthrough transcript of the introduced gene. The results (Fig. 4C, lanes d-f) confirmed that Ypl transcript from the native gene was found in body wall and ovarian cells but not in malpighian tubules or gut. The readthrough transcript from the introduced gene was also present in ovaries and body wall cells but not malpighian tubule or gut cells of tYPc and tYPe females (Fig. 4D, lanes   7002 Genetics: Tamura et al. a-c) and was not found in any cells tested from the untransformed parental stock (Fig. 4D, lanes d-f) . Scans of the autoradiograms indicated that in these 24-hr females, transcripts from the introduced gene were present at about the same levels as the transcripts from the native gene in both body wall and ovaries. These results show that the 5.0-kb Xho I-Sal I fragment contains all cis-acting signals needed for qualitatively proper cell-specific regulation of the Ypl gene.
The Introduced Yp2 Gene Produces a Sex-Limited Polypeptide. Expression of the introduced Yp2 could not be investigated at the level of transcript because its message is not detectably different from the native Yp2. Therefore, expression of the introduced Yp2 was studied at the level of protein by using an electrophoretic variant. ( Fig. 5, lane A) . The pC20YP2 transposons contain a Canton S wild-type Yp2 allele with the same electrophoretic mobility as the Yp2 allele in the y06 parental stock shown in Fig. 5 , lane B (6). In contrast, the Yp212'1245 allele produces no detectable YP2 polypeptide, although YP1 and YP3 are normal (Fig. 5, lane E) .
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The present results locate tissue-specific cis-acting control elements that were found to be missing or damaged in recent gene transfer experiments. Garabedian et al. (17) mutagenized Ypl by insertion of phage M13 DNA into the Xho I site, the same site at which we truncated the YpJ gene. They then separated Ypl from Yp2 by cleavage at the HindIII site in the intergenic region between Ypl and Yp2 (see Fig. 1 ) and introduced the altered Ypl into Drosophila chromosomes. (17) , suggesting that there are at least two cis-acting elements responsible for sex-specific regulation of Ypl and Yp2, one on the Ypl side of the central HindIII site and the other on the Yp2 side of the central HindIII site. These proposed cis-acting sex-specific regulatory elements may be directly or indirectly controlled by the autosomal double-sex (dsx) locus, a trans-regulator of Yp expression (8) (9) (10) . Since dsx/dsx flies with one X chromosome (chromosomal males but phenotypic intersexes) produce YPs, but dsx+/dsx+ flies with one X chromosome (normal males) do not, we conclude that dsx+ acts as a negative regulator of Yp function in chromosomal males. This suggestion predicts that deletion of the proposed negative cis-acting sex-specific regulatory element from the 5.0-kb Yp-containing DNA segment used in the present studies would result in expression of Yps inappropriately in dsx+ chromosomal males.
